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Inheritance 


Remember our Clock class? 


public class Clock 


if 


private int minutes; 
private int hour; 
private boolean AM; 


public Clock() 


af 
hour = 12; 
minutes = 0; 
AM = true; 

} 


public Clock(int theHour, int theMin, 
boolean theAM) 
{ 
hour = theHour; 
minutes = theMin; 
AM = theAM; 


public void PrintClock() 
{ 
System.out.print("Time is " + hour + ":"); 
if (minutes <= 9) 
System.out.print ("0") ; 
System.out.print(minutes + " "); 
if (AM == true) 
System.out.println("AM.") ; 
else // AM == false 
System.out.println("PM."); 


public void IncrementOneMinute() 
{ 
if (minutes != 59) 
minutest+ ; 
else 
{ 
minutes = QO; 
if (Chour != 11) && (hour != 12)) 
hour++ ; 
else if (hour == 11) 
{ 
hour+t+ ; 
AM = !AM; 
a; 
else // hour == 12 
hour = 1; 


What if we want to add seconds to our clock? 


One solution is to simply rewrite Clock. We could call 
it PreciseClock. (We will add an “incremement one 
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second” method as well.) 


public class PreciseClock 
af 
private int minutes; 
private int hour; 
private int seconds; 
private boolean AM; 


public PreciseClock() 


4. 
hour = 12; 
minutes = 0; 
seconds = 0; 
AM = true; 

} 


public PreciseClock(int theHour, int theMin, 
int theSec, boolean theAM) 
af 
hour = theHour; 
minutes = theMin; 
seconds = thesec; 
AM = theAM; 


public void PrintClock() 
{ 
System.out.print("Time is " + hour + ":"); 
if (minutes <= 9) 
System.out.print ("0") ; 
System.out.print (minutes + ":"); 
if (seconds <= 9) 
System.out.print("0") ; 
System.out.print(seconds + " "); 
if (AM == true) 
System.out.println("AM.") ; 
else // AM == false 
System.out.println("PM.") ; 


public void IncrementOneMinute() 
{ 
if (minutes != 59) 
minutest+ ; 
else 
{ 
minutes = QO; 
if (Chour != 11) && (hour != 12)) 
hour++ ; 
else if (hour == 11) 
a 
hour+t+ ; 
AM = !AM; 
a; 
else // hour == 12 
hour = 1; 


public void IncrementOneSecond() 


{ 
if (seconds != 59) 


secondst+ ; 
else 
:p 
seconds = 0; 
if (minutes != 59) 
minutest+ ; 
else 
{ 
minutes = OQ; 
if (Chour != 11) && (hour != 12)) 
hourt+ ; 
else if (hour == 11) 
{ 
hourt+ ; 
AM = !AM; 
} 
else // hour == 12 
hour = 1; 
i 
} 


But we have re-written a lot of code there! If only there 
was a nicer way... 


..fortunately, there is! Inheritance allows us to “cus- 
tomize” a class, or add features to a class, by creating a 
new Class that has all of the old features and also the new 
ones we wish to add. However, unlike the code above, we 
don’t do this by rewriting the entire old class. Instead, 
we extend the old class and write only the code that adds 
onto it. 

This new class “inherits” the old functionality from the 
old class (hence the name) and also contributes new func- 
tionality that the old class did not have. ‘Through this 
feature, we can make smaller “add-on” classes which ex- 
tend existing classes instead of writing entire new classes 
from scratch that contain everything we want to do. 


You can think of it as a giant “cut and paste” opera- 
tion for now. If we say that PreciseClock extends the 
Clock class, that will automatically mean “copy all the 
methods and variables from Clock. java and paste them 
into PreciseClock. java. Then, any variables or meth- 
ods we actually type into PreciseClock. java will be 
in PreciseClock as well. That’s not exactly how inher- 
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itance works but it’s a good-enough analogy for now. 


Example: We will define PreciseClock to simply be 
a Clock that also has seconds: 


public class PreciseClock extends Clock 


{ 


private int seconds; 


Note the extends keyword. ‘This tells us that PreciseClock 
inherits all of the instance variables of Clock. ‘Then, it 
also adds its own instance variable, seconds. ‘The end 
result is a class with four instance variables: 


e hour 
® minutes 
e AM 


e seconds 





but we only have to declare one of them in this class. The 
other three are already present in Clock and we simply 
grab them for our own class (PreciseClock) as well via 
the use of the extends keyword. 
Clock is called a superclass (or base class), and PreciseClock 
is called a subclass (or derived class). 





Methods and Inheritance 


When we extend a class, we don’t just inherit the in- 
stance variables, we also inherit the instance methods. 
Below, we are invoking PrintClock() off a PreciseClock 
reference — which works because PrintClock() is an in- 
stance method of PreciseClock (because we inherited 
it from Clock). 





public class ClockTest 


x 
public static void main(String args[]) 
sf 
PreciseClock ci = new PreciseClock() ; 
c1.PrintClock() ; 
ci.IncrementOneMinute() ; 
c1.PrintClock() ; 
} 
a, 


Time is 12:00 AM. 
Time is 12:01 AM. 


Protected access 
We would like to add our own methods as well: 


public void PrintPreciseClock() 
{ 
System.out.print("Time is " + hour + ":"); 
if (minutes <=9) 
System.out.print("0") ; 
System.out.print(minutes + ":"); 
if (seconds <= 9) 
System.out.print("0") ; 
System.out.print(seconds + " "); 
if (AM == true) 
System.out.println("AM.") ; 
else // AM == false 
System.out.println("PM.") ; 


Unfortunately, we will get compiler errors with the above, 
since hour, minutes, and AM are private to Clock and 
cannot be accessed by PreciseClock. But if we go back 
go Clock and make those variables public, then the en- 
tire world can get to them. We would like a third option. 

Solution: protected access — a third access permission 
specifier which allows subclasses of some class Foo to 
access Foo’s variables, but still keeps the world at large 
from getting to them. 


public class Clock 

af 
protected int minutes; 
protected int hour; 
protected boolean AM; 


public class PreciseClock extends Clock 


af 


private int seconds; 


Given the above variables in Clock, which had protected 
access, the code below will now compile. 


public void IncrementOneSecond() 


zt 
if (seconds != 59) 
secondst+ ; 
else 
{ 
seconds = 0; 
if (minutes != 59) 
minutest+ ; 
else 
{ 
minutes = 0; 
if (Chour != 11) && (hour != 12)) 
hourt+ ; 
else if (hour == 11) 
a 
hourt+ ; 
AM = !AM; 
} 
else // hour == 12 
hour = 1; 
} 
is 


